Introduction
The cemented soil technique is defined as a method of improving soil properties by mixing cements with in-situ soils. Cemented soils can be used in structure retaining and seepage control of small-scale irrigation in hydraulic engineering by using a form of cushion material on large channels, roads and compound pile foundation of dam slope and other projects. They can be applied in unpolluted and polluted conditions, such as industrial land and seawater. MgCl 2 is one of the commonest causes resulting in pollution of cemented soils. The corrosive environment may cause the change in mechanical and engineering properties of cemented soils. Much research attention has been focused on the influence of corrosive environment on cemented soil. Iorliam 1 and Moses 2 recommended using CKD as a modifier for stabilizing BCS with cement or other additives. Kolias studied the effectiveness of high calcium fly ash and cement in stabilizing fine-grained clayey soils in the laboratory and the results obviously presented the technical benefits of stabilizing clayey soils using fly ash and cement. 3 Ning et al. investigated the behaviour of cemented soil under various environmental conditions and concluded that the environmental corrosion had little effect on the fracture process in contrast to the evident influence on mechanical strength. 4 Xing et al. showed that Mg
2+
, Cl − and SO 4 2− not only caused a change in the microstructure of salt-rich soil-cements, but also reduced the strength of the soil-cement composite. [5] [6] [7] To evaluate this adverse effect on the behaviour of soil-cement composite, Yang analysed the factors contributing to cement-based solidification/stabilization of the polluted soil and the optimum parameters. 8 Bai and Dong tested mechanical properties and electrical resistivity of cement-soil polluted by H 2 SO 4 .
9-10
Yang et al. studied the strength of soil stabilized by cement in the corrosive environment of seawater and measured the strength distribution by using micro cone-penetration tests.
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Liu and Qu studied the durability of cemented soil under brine corrosion. 12 However, the studies of the influence of MgCl 2 on properties of cemented soil are limited. To understand MgCl 2 corrosion, a series of laboratory tests were conducted in this study on the cemented-soil blocks cured in MgCl 2 solutions of different concentrations.
Experimental Preparations for cemented soil blocks
The air-dried soil with plasticity index (I p ) of 8.1 was taken from a building site in Taiyuan, China. The cement used was ordinary Portland cement (OPC), brand 32.5#, produced in Taiyuan Shitou Cement Co. Ltd. Soil, cement, and water were mixed in a certain proportion as shown in Table 1 by a HJW-30 blender at a rotating speed of 48 rounds per minute. After mixing well, the mixture was put into a steel Mechanical properties of the cemented soil will be reduced when cemented soils are applied in the MgCl 2 corrosive environment to conduct seepage control in hydraulic engineering. The corrosive conditions will inevitably cause serious damage to the cement-soil composite, and further reduce stablity of the whole structure. Therefore, this cementation technique could be commonly used to stabilize infrastructures. More engineering practices regarding the reduction in mechanical properties of cemented soil in the MgCl 2 environment are required. . After 24 hours, the blocks were taken out of the moulds, cured in a standard conservation box for seven days. The cemented soil blocks were then soaked in MgCl 2 solutions of various concentration prepared in advance. The main chemical composition of the cemented soil is given in Table  2 . (GB 50046-2008 (GB 50046- , 2008 
Testing procedure
In order to simulate the corrosion process and study the corrosion mechanism, the following test procedures were performed:
Step 1: Preparing the 72 blocks following the requirements given above.
Step 2: Soaking the blocks in MgCl 2 solutions of concentrations 0, 1.5, 4.5, 9.0, 18.0 and 22.5 g l −1
, respectively.
Step 3: To observe the changes in appearance during corrosion, photographing the blocks after soaking in MgCl 2 solutions for 3, 7, 14 and 28 days.
Step 4: Carrying out unconfined compression tests on the blocks soaked for 3, 7, 14, and 28 days, respectively. The unconfined compression strength was measured by universal testing machine (Model-5105A) with maximum load capacity of 100 kN, and loading rate 5 mm per minute. At each curing time, three blocks were tested in parallel with the one concentration of the solution. The average value of the three test results is used as the block strength.
Step 5: Measuring of Mg 2+ and Cl − solution concentrations immediately after the blocks were taken out.
Results and discussion

Visual observations
Figs. 1 and 2 shows the photos of the cemented soil blocks after soaking for 28 days in MgCl 2 solutions of various concentrations. It can be seen that the crystallization is found on the surface of the cement-soil block in the MgCl 2 condition. The influence of MgCl 2 on the blocks is more obvious with the increase in the concentration of MgCl 2 and curing time. 
Unconfined compressive strength test
The unconfined compressive strengths of the cemented soil blocks are summarized in Table 4 . The compressive strength of cemented soil decreases with the increase in corrosive solution concentration during the same corrosion time, and the corrosion degree increases with the corrosion time (Fig.  3) . The cemented soil modified coefficient, α, is defined as follows:
where f cu ' is compressive strength of the block cured in MgCl 2 solution; α is a modified coefficient expressing degree of blocks corrosion; f cu is compressive strength of the block cured in pure water. . This result implies that the low concentration of MgCl 2 may be beneficial to improving strength of cemented soil. In addition, the strength modified coefficients in other environments in this study are less than 1, indicating that MgCl 2 solutions can induce obvious corrosion and greatly reduce the strength of cemented soils when its concentration is greater than 1.5 g l . Therefore, to ensure safety, optimize design, cost-efficiency and suitable measurement, the environmental condition of the in-service cemented soils should be taken into account in the design and calculation of the bearing capacity and the settlement of a foundation. 2+ concentration versus corrosion time can be divided into two parts: when the corrosion time is less than seven days, the Mg 2+ concentration in the solutions rapidly increases and then tends to stabilize (Fig. 4) . The Mg 2+ concentration increases with the increase in MgCl 2 solution. Tables 1 and 2 show that the Mg 2+ concentration was 354.17 mg l −1 in the cemented soil, and greater than that of the MgCl 2 solution (concentration: 1.5 g l 
The corrosion mechanism
The relationships between unconfined compressive strengths of the cemented soil cured for 28 days and initial concentrations of Mg 2+ and Cl − ions are analysed by regression procedure. Regression equations are established in Table 5 . 
In the MgCl 2 solution environment, the main chemical reaction of the soil and MgCl 2 can be described as:
It is well known that the volumes of the resultant are seven times that of Ca(OH) • 4 H 2 O will not only fill the voids, but inflate the cemented soil, crack and even break. This could explain why the unconfined compressive strength of cemented soil blocks soaked in pure water is less than that of blocks soaked in low concentration solutions and greater than that of blocks soaked in high concentration solutions.
As defined in Eq. 3, Mg(OH) 2 is the product of the reaction between cemented soil and MgCl 2 . In the cemented soil with high level of Mg(OH) 2 , the following chemical reaction is presented:
In the soil, 3 CaO • 2 SiO 2 • 3 H 2 O is a sticking material which can increase the strength of cemented soils by sticking the soil particles together. The product, MgO • SiO 2 • H 2 O (MSH) of chemical reaction (4), is not a sticking material, and produces an unsteady structure that reduces the strength of the soil.
In summary, the cemented soils undergo MgCl 2 corrosion during the crystallization and dissolution process.
Conclusions
(1) The unconfined compressive strength of the cemented soil decreases with increase in concentration of the MgCl 2 solution and corrosion time. 
